BACKGROUND: Low-dose computed tomography (LDCT) lung screening has been associated with a 20% reduction in lung cancer mortality. A major barrier to the adoption of lung screening is the potential negative psychological impact of a false-positive (FP) screen, occurring in 20% to 50% of those screened. The objective of this study was to assess the impact of abnormal findings on health-related quality of life (HRQoL) and anxiety in the American College of Radiology (ACRIN)/National Lung Screening Trial (NLST). METHODS: The NLST was a randomized screening trial comparing LDCT with chest X-ray screening (CXR). This study was part of the original protocol. A total of 2812 participants at 16 of 23 ACRIN sites who had baseline HRQoL assessments were asked to complete the Short Form-36 and the State Trait Anxiety Inventory (form Y-1) questionnaires to assess short-term (1 month) and longterm (6 months) effects of screening. FP were lung cancer-free at 1 year, and true-positives (TP) were not. RESULTS: Of the total participants, 1024 (36.4%) participants were FP, 63 (2.2%) were TP, 344 (12.2%) had significant incidental findings (SIFs), and 1381 (49.1%) had negative screens. Participants had been randomized to LDCT (n 5 1947) and CXR (n 5 865). Short-term and long-term HRQoL and state anxiety did not differ across participants with FP, SIF, or negative screens. Short-term and long-term HRQoL were lower and anxiety was higher for TP participants compared to participants with FP, SIF, and negative screens. CONCLUSIONS: In a large multicenter lung screening trial, participants receiving a false-positive or SIF screen result experienced no significant difference in HRQoL or state anxiety at 1 or at 6 months after screening relative to those receiving a negative result. Cancer 2014;120:3401-9.
INTRODUCTION
Lung cancer is the leading cause of cancer death in the United States. 1 Based on reduced lung cancer mortality in the lowdose computed tomography (LDCT) arm of the National Lung Screening Trial (NLST), 2 the United States Preventive Services Task Force released a grade B recommendation for provision of annual LDCT lung screening to adults 55 to 80 years who have a 30 pack-year smoking history and currently smoke or have quit within the past 15 years. 3 Several professional organizations have issued similar guidelines. 4 One of the barriers to the widespread adoption of LDCT lung screening is the current lack of knowledge regarding the potential adverse psychological impact of a false-positive screen, and the large number of participants who will screen false-positive (20%-50%), 2, [5] [6] [7] [8] but who do not have lung cancer. Because lung biopsy carries a high degree of risk to the patient, current guidelines for management of LDCT-detected lung nodules recommend serial monitoring for many patients with a positive screening examination. 9, 10 These patients may endure an extended period of uncertainty regarding their lung cancer status.
This extended monitoring is in direct contrast to the experience of most patients screened for breast, colon, or cervical cancer who receive their final diagnoses fairly rapidly following a biopsy of the suspicious lesion. Even so, false positive breast cancer screens have been associated with reduced health-related quality of life (HRQoL) and increased anxiety. 11 For lung cancer screening, information is limited to smaller studies and has been inconclusive.
12, 13 If receiving a positive screen result has shortterm (1 month) or long-term (6 months) impact on participant quality of life and/or anxiety, physicians may be less likely to refer high-risk individuals for LDCT screening, 5 and patients may be less likely to adhere to an annual screening protocol.
In addition, CT lung screening has a high rate of significant incidental findings (SIFs), such as abdominal aortic aneurysms and renal cysts (6%-14%). These findings are unrelated to lung cancer, 2, 14 but are often of sufficient concern to warrant additional diagnostic evaluation. As lung screening diffuses into the community with less experienced radiologists evaluating screening images, the proportion of screens with diagnosed SIFs may grow.
Given the high rate of false positive screens, the large number of SIFs visualized with LDCT screening, the inconsistent information available on the effect of a false positive screen, and the lack of information on the impact of SIF results, we planned to study the impact of false positive and SIF screens on short-term (1 month) and long-term (6 months) HRQoL and anxiety in the NLST. The NLST is the largest trial of lung CT screening conducted to date. We report on the association between screen results (false-positive, true-positive, SIF, and negative) and screening arm (LDCT, CXR) and global HRQoL and state anxiety in NLST participants.
MATERIALS AND METHODS
This HRQoL study was approved by the Institutional Review Boards at each of the participating sites and at Brown University. All participants gave informed consent at the site of recruitment.
Study Population
The NLST was a multi-institutional trial of 53,452 participants designed to compare the ability of LDCT and CXR imaging to reduce lung cancer mortality.
Participants received three screening examinations at one year intervals: a baseline (T0) and 2 incidence screens (T1 and T2). Screening began in August of 2002. Follow-up was concluded in December of 2009. Details on the NLST study design have been published elsewhere. 15 The NLST was a collaboration between the American College of Radiology Imaging Network (ACRIN) and the National Cancer Institute Division of Cancer Prevention Lung Screening Study. ACRIN enrolled 18,840 participants at 23 sites. During the informed consent process, ACRIN advised participants that up to 50% of those screened might receive a screen result suspicious for lung cancer, even though the participants did not have lung cancer, and that as many as 20% to 50% of those participants would require additional imaging or other testing to confirm that findings initially thought to be of concern were not cancer (Appendix A; see supporting online information).
Study Enrollment
Demographic information was collected at sites prior to the T0 screen. Participants at 16 of the 23 ACRIN sites (Appendix B) were invited to complete HRQoL forms at baseline and asked to provide contact information. Starting on March 9, 2003 , all participants with a positive screen at these sites, whose results had been received at the Biostatistics Center within 30 days of the screening examination, who had completed the baseline HRQoL forms, and who had provided contact information, were recruited for this study. In the second year of the study, it became apparent that a substantial number of participants (6%-10%, depending on screening time point) had screen results "negative for lung cancer, but positive for SIFs." At that time, we began to invite participants with SIF screen results, who met the above criteria, to participate in this study. Participants were recruited into this study only once, based on their first eligible screen from the T0, T1, or T2 screen. We refer to the screen result (T0, T1, T2) used for accrual as the "index" screen ( Fig. 1) . For comparison, we matched each participant with a positive screen or a SIF to a negative screen control based on date of screen, screen type (LDCT, CXR), site of accrual, sex, and 5-year age caliper.
HRQoL and State Anxiety Tools
Global health status was assessed using the Short Form SF-36 v 2.0 (SF-36), 16 ,17 a measure of physical and mental function. The SF-36 [18] [19] [20] [21] has been widely used to evaluate the impact of the screening process on healthy participants, as well as patients with lung cancer. 22 This
Original Article measure of global health status offers the benefit of being easily compared across cancer and noncancer studies. 23, 24 The SF-36 is a 36-question health survey. 26 The STAI has been widely used to evaluate the impact of the screening process on healthy community-dwelling participants. 13, 18, 19 The STAI is a sensitive indicator of changes in transitory anxiety, such as might be experienced in a screening program. Scores range from 20 to 80, with higher scores indicating higher levels of state anxiety. The median norm for working adults aged 50 to 69 years is 34.51 for men and 32.20 for women. 26 A difference between 2 groups with different exposures of one standard error is generally considered to represent a small effect, one and one half standard errors to represent a moderate effect, and two standard errors to represent a large effect. 27 We chose not to administer the STAI at baseline to avoid capturing anxiety associated with the screening test itself.
Administration of HRQoL and Anxiety Tools
For eligible participants meeting the study entry criteria, the SF-36 and STAI were mailed from the ACRIN Outcomes and Economics Assessment Unit located at Brown University to arrive at the participant's home at approximately 1 and 6 months after screening. We elected to measure HRQoL and anxiety after 1 month to assess short-term effects at a time proximal to the screen, but far away enough that participants should have received their results. Per the ACRIN/NLST protocol, 28 participants were to be informed of their screening results within 4 weeks of the screening test. We measured these indices again after 6 months to assess the longer-term impact of the screening results.
If questionnaires were not returned, a research associate phoned participants at 2 weeks and 1 month to encourage completion. We accepted questionnaires up to 15 days past this final scheduled call. Questionnaires received after that time were excluded from the study.
Statistical Analysis
To distinguish participants with a positive screen who were free of lung cancer from those participants who did have lung cancer, and who would potentially benefit from early diagnosis, we divided screen results into "false positive," "true positive," "SIF," and "negative." We defined "false positives," using the same definition used for the main NLST analyses, 2 as screens suspicious for lung cancer and free of lung cancer at 1 year, "true positives" as screens suspicious for lung cancer and diagnosed with lung cancer within 1 year, "SIFs" as screens with significant abnormalities but no evidence of lung cancer, and "negatives" as screens with no evidence of lung cancer or SIFs.
We compared enrolled participants (those who met the entry criteria and were mailed questionnaires) with all other NLST participants with respect to demographic characteristics and smoking history using a chi-square test for categorical data and, due to data departures from normality, the Wilcoxon rank-sum test for continuous data.
For PCS and MCS, we evaluated whether changes from the baseline value differed across screen results (false positive, true positive, SIF, or negative) or study arm (LDCT, CXR). We used separate models to examine factors associated with the change from baseline to 1 month and the change from baseline to 6 months, as we anticipated that the influence of screen result and other covariates on HRQoL might differ by time point. For STAI scores, we compared differences across screen results and study arm. As above, we used separate models for 1 and 6 months after screening. Thus, we used 6 separate regression models (PCS difference from baseline to 1 month and 6 months, MCS difference from baseline to 1 month and 6 months, and STAI at 1 month and 6 months). The time from the baseline questionnaire completion to the index screen could have been longer than one year if the index screen was the T1 or T2 screen. To control for differences occurring in HRQoL between accrual into the study and the index screen, associated with changes in HRQoL indices with increasing age 29 and screening experience, we adjusted for the time difference between the baseline and index screen, as well any abnormal screening results occurring prior to the index screen.
In each of the 6 multivariate models, we included terms to compare HRQoL indices across screen result and study arm. In addition, we adjusted for a priori potential confounders and matching factors, including, the number of prior screens with a SIF, number of prior screens suspicious for lung cancer, study site, age, sex, education, marital status, smoking status, race, ethnicity, 29, 30 number of days since the baseline questionnaire had been administered, and, for the 1-month models, we assessed whether the participants knew their screening results at the time of questionnaire completion. For PCS and MCS models, the baseline score and the interaction between days since baseline and baseline score were also included.
For the PCS and MCS, the model was fit using iteratively reweighted least squares (IRLS) regression with a Huber weight function. 31 The STAI score was modeled as a count variable (ranging from 20 to 80). There were an abundance of "20" scores. To adjust for this floor effect and also account for overdispersion, we used a zeroinflated (or 0 after subtracting 20 from each score) negative binomial regression. 32 The Pearson's chi-squared test was applied to determine the goodness of fit. The exponentiated regression coefficients from this model estimate the rate of change in the STAI scores for a one unit change in each independent variable.
RESULTS
A total of 2812 participants met our study entry criteria and were invited to participate in this study. The index screen was T0 for 1450 participants, T1 for 923, and T2 for 439 (Fig. 1) . HRQoL study participants were similar with respect to age distribution and smoking status to the remainder of the NLST population; however, HRQoL Original Article participants, were more likely to be female, white, nonHispanic, more educated, and unmarried ( Table 1) . The HRQoL study sample included fewer participants from the CXR arm of the study due to lower rates of abnormalities in that arm (Table 2) .
Overall, 1087 participants had screen results suspicious for lung cancer; 1024 were categorized as falsepositive and 63 were true-positive. Of the 63 true-positive participants, 20 were diagnosed with lung cancer prior to their 1-month questionnaire, and an additional 21 before their 6-month questionnaire. A total of 344 participants were positive for SIFs, and 1381 were screen negative; 227 participants had 1 prior false-positive screen, and 40 had 2; 115 of the 2812 participants had 1 prior SIF, and 6 had 2. The 383 participants with prior positive or SIF screens were not eligible for accrual into the study based on those prior screens, because those screens had either occurred prior to the start of the study or had not been reported to the Biostatistics Center within 30 days of the screening test. We excluded one participant who was diagnosed with lung cancer following a negative screening examination.
Response rates were uniformly high, with the lowest response rates in participants with lung cancer (Table 2) . A total of 2317 participants (82.4%) completed forms within 45 days of mailing for the 1-month time point, and 1990 (70.8%) for the 6-month time point. At the time of completion of the 1-month questionnaire, 2126 (91.8%) knew their screening result. At 6 months, all participants knew their screening result. Of the 2812 enrolled participants, those who were true-positive were more likely to be in the CXR arm, older, white, and former smokers. False-positives were more likely to be current smokers (Supporting Table 1 ).
The PCS, MCS, and the STAI are shown in Table 3 . Mean change in score from baseline and 95% confidence intervals for the PCS, MCS, and STAI at 1-and 6-month Abbreviations:HRQoL, health-related quality of life; NLST, National Lung Screening Trial. *P <.05, **P <.01, ***P <.001.
Quality of Life and Anxiety in the NLST/Gareen et al
Cancer November 1, 2014 time points are shown in Fig. 2 . Detailed information on the SF-36 subscales is shown in Supporting Table 2 and Supporting Figure 1 . In the crude data, PCS and MCS showed inconsistent decreases over time (Table 3 , Fig. 2 ), but these changes disappeared after adjustment for potential confounders (Table 4 ). In contrast, decreases in PCS and MCS evident for the true positive screen group in the crude data were also evident in the adjusted analyses. We detected no difference in PCS or MCS by screening arm [LDCT or CXR] (Table 4) .
Anxiety was substantially higher among those in the true-positive group compared with the false positive, SIF, and negative groups in crude (Table 3) and adjusted (Table  4) analyses at 1 and 6 months after screening. There was no difference in state anxiety across study arms (Table 4) .
DISCUSSION
In this study, drawn from the NLST, the largest randomized trial comparing LDCT and CXR, we found no significant differences in HRQoL (PCS, MCS) or state anxiety at 1 or 6 months after screening between participants who screened false-positive, positive for SIFs, or negative, nor did we find a difference in HRQoL or state anxiety by screening arm. We did, however, find significantly lower The exponentiated regression coefficients from this model estimate the rate of change in the STAI scores for a one unit change in each independent variable. *P <.05; physical and mental health scores and significantly higher state anxiety for those who screened true-positive and developed lung cancer within 1 year of their screening examination, compared with all other screening groups. These findings are relevant to the anticipated adoption of LDCT screening in the United States. They provide evidence that in a large screening program in which participants received extensive counseling as part of the consent process, screening was not associated with high psychological costs for participants who screened positive but were free of lung cancer. Our findings suggest that practice guidelines for LDCT screening should include recommendations for counseling regarding the potentially high rate of false-positive and SIF screen results in order to minimize the impact of screening on HRQoL and anxiety. This is also the first report of the effect of SIF findings on HRQoL and anxiety following lung screening.
The current findings are consistent with those reported for a substudy of NLST participants in which we found that lung cancer worry was low, and lung screening did not change participants' risk perceptions of lung cancer. 33, 34 Our findings, that there was no association between global HRQoL and false-positive screen results, are consistent with those reported by Van den Bergh et al. Their indeterminate group is comparable to our false positive group.
12 However, Van den Bergh et al. did report higher lung-cancer-specific distress among participants with false-positive (indeterminate) as compared with negative screen results. 12 We chose to administer global health measures to allow comparison of the impact of lung screening with other health interventions and for their utility for cost-effectiveness analysis. Although lungcancer-specific measures are useful to understand health behaviors associated with lung screening, we did not administer these tools in the NLST due to concerns regarding participant burden. Presumably, if the impact of lung screening on disease-specific HRQoL were severe enough, it would be reflected in these global measures. Disease-specific measures, such as lung cancer distress, are of interest when planning counseling programs; however, we feel that global measures are more useful for comparisons across alternative health interventions or health conditions. We chose to focus on global HRQoL, because such comparisons are needed to make decisions on the allocation of health care resources.
We found no difference in state anxiety between participants with false positive and negative screen results. This finding is consistent with results reported from the NELSON study, 12 but differed from that reported for participants in the PLuSS study. 13 This discrepancy may be attributable to differences in the information provided to participants during the consent process. NLST participants were advised that as many as 50% of participants might receive a false-positive screen result requiring additional imaging, whereas PLuSS participants were advised of a potential false-positive rate of 25% (personal communication David Wilson MD, October 2012). PLuSS was also a smaller, single-center study, whereas the NLST was a large, multicenter study with extended follow-up.
Limitations
The NLST false-positive group was heterogeneous with respect to their screen findings and knowledge of their lung cancer status at the time that they completed their questionnaires. Participants with small nodules with no contrast enhancement or large masses might receive a definitive diagnosis shortly after screening, whereas those with undefined nodules might require monitoring over an extended period. Thus, some participants learned their lung cancer status (as opposed to their screening test result) prior to completing their 1-month questionnaire, some prior to completing their 6-month questionnaire, and some after completing both questionnaires. We did not have information on the precise date on which each participant received their final diagnosis. However, the range of participant experience that we report here mirrors that to be expected with the implementation of a community screening program, and provides reassurance that NLST screening participants understood the cancer screening process, including the high probability of receiving a false-positive result and the potential need for continued monitoring to ensure the benign nature of screen findings. Although we enrolled participants at each of the 3 screening examinations (T0, T1, T2) to maximize the number of participants, each participant entered this study at a single time point. We adjusted our analyses for potential differences due to time point and past abnormal results (false-positive or SIF) at prior screens.
In addition, our original study design matched participants with abnormal results (positive for lung cancer or SIFs) with negative controls. To avoid dropping participants whose match failed to return questionnaires, we used an unmatched analysis. We adjusted for potential confounding by including the matching variables in our multivariate analyses. 35 
Conclusions
For participants in a lung cancer screening trial with a detailed informed consent that provided information regarding the high risk of a false-positive screen and Original Article associated follow-up, HRQoL and state anxiety did not differ at 1 or 6 months after screening for participants with false-positive, SIF, or negative screen results. HRQoL was significantly lower and state anxiety significantly higher for participants with true-positive screen results.
These results provide evidence that in a screening program that includes counseling and advises participants of the high likelihood of a false-positive screen and additional testing, there may be no impact on HRQoL or anxiety for participants who are free of lung cancer.
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